Introduction
Coronary artery bypass grafting (CABG) surgery remains the most common procedure in adult cardiac surgery for coronary artery disease (1) . Among arterial and venous conduits for CABG surgery, saphenous vein grafts (SVG) are the most commonly used conduit due to its superficial access site and decreased risk for bleeding compared to arterial conduits (2, 3) . Traditionally, the SVG is harvested under direct vision (open harvest) with linear incisions along the course of the vein for clear vein visualization, mobilization and branch ligation (4) (5) (6) (7) . However, this approach carries an increased risk of wound complications including infection, hematomas, seromas and longer hospital length of stay (4) (5) (6) (7) .
The technique of endoscopic SVG harvesting was introduced in 1996 as a minimally invasive alternative to traditional open SVG harvesting (8) . Multiple small randomized trials subsequently reported advantages of endoscopic SVG harvest as compared to open SVG harvest (4, 6, 7, 9, 10) . In 2005, the International Society for Minimally Invasive Cardiothoracic Surgery published a consensus statement (11) that endorsed the use of endoscopic SVG harvest over open SVG harvest (class I, level B) to reduce wound related complications (class I, level A), improve patient satisfaction and postoperative pain (class I, level A) and reduce postoperative length of stay (class I, level A). Furthermore, the consensus statement (11) endorsed use of either endoscopic or open SVG harvest technique based on major adverse cardiac events and angiographic patency at 6 months (class IIa, level A). On the basis of these demonstrated advantages, endoscopic SVG harvest has now become the predominant mode of graft harvesting at many surgical centers (12) .
In contrast to the abundant evidence demonstrating improved short-term and wound-related outcomes (6, 7, (13) (14) (15) (16) , observational analyses regarding the long-term patency rates of SVG harvested by endoscopic technique are conflicting and remain sparse. Endoscopic SVG harvest was reported to have similar short-term graft patency as open SVG harvest, but was concerning for a significantly reduced long-term graft patency at 12 months and beyond (12, 17, 18) . Because of the potential implications of worse long-term outcomes in patients who undergo CABG surgery, the role of endoscopic SVG harvest, although widely considered non-inferior to open harvest, has been a subject of much debate in the literature (19) (20) (21) .
The aim of this systematic review was to evaluate longterm outcomes of patients who underwent CABG with open as compared to endoscopic SVG harvest techniques.
Methods

Literature search strategy
Thorough electronic searches were performed in March 2018 using Medline, Embase, Cochrane Central Register of Controlled Trials (CCTR), Cochrane Database of Systematic Reviews (CDSR), Web of Science, Scopus and CINAHL. To achieve the maximum sensitivity of the search strategy, we combined the terms: "coronary artery bypass graft (CABG)", "saphenous vein", "tissue and organ harvesting", "vein harvest", "endoscopic", and "minimally invasive" as either key words or MeSH terms. The reference lists of all retrieved articles were reviewed for further identification of potentially relevant studies and assessed using the inclusion and exclusion criteria.
Selection criteria
Eligible studies for the present systematic review and metaanalysis included double-arm studies that compared open and endoscopic SVG harvesting for CABG, with at least one year of follow-up time. Studies reporting on minimally invasive techniques other than endoscopic SVG harvesting were excluded. When institutions published duplicate studies with accumulating numbers of patients or increased lengths of follow-up, only the most complete reports with the longest follow-up were included for quantitative assessment. To ensure our results are reflective of current practice, only articles published from 1982 onwards were included. We excluded studies on patients <18 years of age, studies not published in the English language and those not involving human subjects. Furthermore, abstracts, case reports, conference presentations, editorials, reviews and expert opinions were also excluded.
Definitions
Graft patency per graft was determined using either FitzGibbon patency scale or by the exclusion of significant graft stenosis (22) (23) (24) . Significant stenosis was defined as a greater than or equal to 50% stenosis as confirmed on follow-up catheterization (23) .
Data extraction and critical appraisal
Data was extracted from article texts, tables and figures (S Patel, K Kodia). Discrepancies between the two reviewers were resolved by discussion and consensus.
Statistical analysis
A binary outcome meta-analysis of proportions was conducted for the available main perioperative and postoperative variables with logit transformation. Heterogeneity was evaluated using Cochran Q and I 2 test. Meta-regression was conducted 
Results
Study characteristics
Overall, 3,255 records were identified in a literature search of papers published between 1982 and present. Following application of the inclusion and exclusion criteria, 11 studies were included for analysis. Of the studies included, 5 were single-center retrospective studies, 3 were single-center prospective studies, and the remaining 3 were multicenter prospective clinical trials. Manual search of references did not yield further studies. A PRISMA flow diagram depicting the overall search strategy is shown in Figure 1 . A detailed description of the studies used for analysis are reported in 30 -day mortality that importantly, did not translate to differences in overall mortality. Reasons for the higher postoperative 30-day mortality are unclear but may reflect variances in patient selection, severity of premorbid disease, urgency, hemodynamic stability, and timing of surgery.
Although a few studies comparing endoscopic and open SVG harvest have been published (7, 10, 25, 26) , they are limited by low patient volume, lack of randomization, lack of angiographic assessment and short follow-up time during which clinically significant outcomes such as vein graft failure rates or major adverse cardiac outcomes may not yet become apparent. Maintaining long-term graft patency is the desired outcome as it is associated with long-term patient survival and reduces the need for reintervention (27) .
In the post hoc sub-analysis of the PREVENT-IV trial (Project of Ex-Vivo Vein Graft Engineering via Transfection IV), endoscopic SVG harvest was associated with a higher rate of vein graft occlusion at 12 to 18 months and higher long-term mortality (12) . A post hoc sub-analysis of the ROOBY trial (Randomized On/Off Bypass) (28) reported similar outcomes with lower vein graft patency and higher 1-year revascularization rates among patients who Ann Cardiothorac Surg 2018;7(5):586-597 www.annalscts.com (30), with a median follow-up of 3 years, reports no relationship between endoscopic SVG harvest and long-term mortality, or the composite endpoint of death, myocardial infarction and revascularization. In contrast, the Northern New England Cardiovascular Disease Study reports that endoscopic SVG harvest was associated with lower long-term mortality within 4 years of the index admission (31) . Endoscopic SVG harvest is not one homogenous procedure, although, due to the lack of granularity in the included studies, for the purposes of the present analysis they were pooled as one. Differences observed in prior studies may be due to differences in surgical technique (28) , operator experience (32) and devices used (28, 33) , which may influence vessel-harvesting-related injuries. More importantly, for post hoc sub-analyses of trials, it is vital to recognize that vein harvest technique was not the basis for randomization. As such, unrecognized confounding variables may be unaccounted for, such as on-pump vs. offpump CABG (28) , with or without CO 2 insufflation (34), as well as endoscopic SVG harvest devices used (29, 33) , pre vs. post SVG harvest use of heparin (35) , quality of distal target run-off (9, 36) which have all been shown to independently affect graft patency. Reduced graft patency with endoscopic SVG harvest could be related to intraoperative trauma with endoscopic manipulation of the graft leading to compromised functional integrity, poor vein quality and early occlusion (37) . As well, thermal injury to the vessel wall can result from use of the bipolar cautery in endoscopic SVG harvest (3, 14, 38) .
At a histologic level, studies have shown that endoscopic manipulation of an SVG is associated with increased endothelial injury. A prospective, small study using multiphoton imaging, immunofluorescence and biochemical techniques has demonstrated increased endothelial damage and reduced viability in endoscopic SVG vein grafts (39) . Furthermore, others have shown that endoscopically harvested SVG may undergo residual clotting and stranding, resulting in endothelial damage, infiltration of smooth muscle cells into the lamina and ultimately, graft thrombosis and failure (35) , though these findings are not supported by all histologic studies (6, 40) . Caution should be exercised when interpreting these histologic studies as they only reflect acute histologic features and not long-term histologic findings (12) .
Limitations
This meta-analysis has several key limitations and must be interpreted with care. Heterogeneity was likely contributed to by differences among reports, between study populations, study design, definitions of adverse events, patient selection, site of vein graft harvest (thigh vs. calf), pre vs. post SVG harvest use of heparin, conduct of CABG with on-pump vs. off-pump technique, choice of distal target runoff, medical management of coronary artery disease and antithrombotic regime post CABG, as well as postoperative angiographic follow-up to document graft patency. We acknowledge that this heterogeneity in study population is a fundamental limitation that cannot be addressed due to inability to extract sufficient detail from the pooled data. Moreover, the heterogeneity in results precludes broad generalization into 
Conclusions
The results of this systematic review and meta-analysis of 18,131 patients demonstrates superior SVG patency in patients who underwent CABG via open SVG harvest as compared to endoscopic SVG harvest at average followup time of 2.6 years. Patients with open SVG harvest had higher rates of early wound complications and postoperative 30-day mortality that importantly, did not translate to differences in overall mortality. Reasons for the higher postoperative 30-day mortality are unclear but may reflect variances in patient selection, urgency and severity of premorbid disease. Further studies to find and support methods to prevent graft failure are needed to evaluate the safety of endoscopic SVG harvest as compared to open SVG harvest in long-term angiographic and clinical outcomes. These studies should include large prospective randomized clinical trials that are adequately powered and take into account device-specific considerations.
